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[57) ABSTRACT

The present invention relates to a color filter substrate
and a color filter electrooptical device, for example,
such as color liguid crystal display device having a
transparent electrode over a color filter formed on an
inner surface of the liquid crystal display device.

For providing the transparent electrode on the color
filter, high-frequency ion plating method 1s used so as to
improve the contacting property with an organic poly-
mer of the color filter layer and the transparent elec-
trode.

6 Claims, 2 Drawing Sheets
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METHOD FOR MANUFACTURING A COLOR
FILTER

BACKGROUND OF THE INVENTION

The present invention relates to a color filter sub-
sirate and a color electrooptical device, more particu-
larly, to a method of manufacturing a color filter sub-
strate and a color electrooptical device such as, for
example, a color liquid crystal display device having a
transparent electrode over a color filter formed on a
transparent substrate.

FIG. 3 is a section showing a color liquid crystal
display device of the prior art. Reference numeral 21
designates a substrate made of glass, numeral 22 a trans-
parent electrode made of an indium-tin oxide (as will be
referred to as “ITO”), and numeral 23 a color filter
made of an organic polymer and a coloring material and
prepared by dyeing, printing, electrodeposition or the
like. The dyeing method and the printing method can
dispense with the ITO of the electrode 22. Numeral 24
designates a second transparent electrode which is
made of an ITO and formed to have its pattern regis-
tered with the color filter. This second transparent elec-
trode 24 is prepared in the prior art by a sputtering
method. Numeral 25 designates an opposed substrate
which is formed thereover with a transparent electrode
- 26 of an ITO. The opposed substrate 25 is opposed to
the substrate 21 to sandwich a liquid crystal 27 therebe-
tween to constitute a multi-color liquid crystal display
device. This liquid crystal display device can use the
transparent electrode 24 over the color filter as a driv-
ing electrode for applying a voltage to the liquid crystal
so that it can be freed from the voltage loss, which has
been caused heretofore by applying the voltage through
the color filter, and can apply the driving voltage di-
rectly to the liquid crystal. Thus, the liquid crystal dis-
play device has high practical values because it 1s suited
for a drive at a low voltage.

If, however, the transparent electrode over the color
filter is formed by the sputtering method of the prior
art, the substrate temperature at the filming time cannot
be raised to a high level due to the heat resistance be-
cause the color filter is made of an organic polymer.
Thus, the process has to be accomplished at a lower
temperature than that for filming over an inorganic
substrate of glass or the like to deteriorate the contact-
ing property between the formed film and the substrate.
Moreover, it frequently occurs that the resistivity of the
film does not drop. As a result, a defect such as separa-
tion is liable to occur, and a sufficiently low resistance
cannot be obtained with a desired film thickness.

Generally, an organic polymer and an inorganic sub-
strate such as the ITO are highly different in thermal
deformation so that a displacement will easily occur at
their interface when heated, if they contact merely 1n
face-to-face relation. In the film formed by the sputter-
ing method, the energy owned by particles reaching the
color filter is relatively low so that the bond between
the particles composing the film and the color filter 1s
too weak to overcome the thermal stress at the inter-
face. Thus, the defect such as separation, crack or the
like seems to occur.

If, on the other hand, the organic polymer used 1is
heated and filmed up to the limit of heat resistance so as
to improve the contacting property, then the stress due
to the thermal deformation of the color filter is easily
concentrated at the film interface to cause a defect such
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as crack. In order to avoid this defect, an overcoat layer
having a buffering action may be sandwiched between
the color filter and the transparent electrode. However,
it is considerably difficult for the steps, after the trans-
parent electrode has been filmed, to satisfy the resis-
tance to the heating treatment and the reliability at the -
time of an actual use. In order to improve the contacting
property with the organic polymer, on the other hand,
the transparent electrode is formed by an ion plating

method, in which evaporation particles are 1onized to

make a film by a plasma beam, as disclosed in Japanese
Patent Laid-Open No. 198419/1990.

This ion plating method is a means for remarkably
improving the contacting property of the color film or
the like to the organic polymer, but is difficult for the
covering characteristics to reduce the resistivity and to
provide a thin film transparent electrode having a low
resistance.

SUMMARY OF THE INVENTION

In order to solve the above-specified problems, we
have investigated a filming technique for forming such
a film over a color film of an organic polymer and
which has a good contacting property and can achieve
a low resistivity. As a result, we have found out that a
transparent electrode filmed by a high-frequency 1on
plating method, in which a substance having evapo-
rated from an evaporation source is ionized by the high-
frequency glow discharge and accelerated by a DC
electric field, has a high contacting property with the
color filter made of an organic polymer and sufficiently
low resistivity, and that a color electrooptical device
using that transparent electrode has high display quality
and reliability. Here, the high-frequency ion plating
apparatus is disclosed in detail in the section “High-Fre-
quency lon Plating Apparatus” on page 687 of Vol. 43
of APPLIED PHYSICS issued in 1974.

The present invention adapts the high-frequency ion
plating method, in which an evaporated material 1s
ionized by the high-frequency glow discharge and ac-
celerated by a DC electric field, for providing a trans-
parent electrode on the color filter layer made of or-
ganic polymer.

In the high-frequency ion plating method, the accel-
erated particles migrate with high energy into the or-
ganic polymer of the color filter layer, so that the trans-
parent electrode film provided by a deposition of the
particles takes a strong bonding status to have a high
contacting force and to withstand a high thermal stress.
In addition to the aforementioned action, the substrate
according to the high-frequency ion plating method can
be freed from any unnecessary impact from charged
particles to minimize the defect of the ITO film. As a
result, it seems that a homogeneous film can be easily
achieved to realize the low resistivity.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a sectional view of an embodiment of
an electrooptical device according to the present inven-
tion.

FIG. 2 shows a sectional view of another embodi-
ment of an electrooptical device according to the pres-
ent invention.

FIG. 3 shows a sectional view of an electrooptical
device according to a prior art manufacturing method.-
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FIG. 4 shows a high-frequency ion plating apparatus
used for providing a transparent electrode film on a
color filier layer of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The effects of the present invention will be specifi-
cally described in the following in connection with the
embodiments thereof and an example for comparison.

Embodiment 1

FIG. 1 1s a section showing a color electrooptical
device according to the present invention. Reference
numeral 1 designates a substrate made of glass, and
numeral 21s an I'TO electrode formed over the substrate
1. A color filter 3 is formed over the ITO electrode 2 by
a applying a voltage to the ITO electrode in an electro-
depositing solution, which 1s prepared by dispersing a
polyestermelamine resin and a coloring material in wa-
ter, to deposit the color filter 3 on the ITO electrode 2.
Such a method of making a color filter by electrodepo-
sitton is disclosed in detail in Japanese Patent Laid-
Open No. 59446/1990. Reference numeral 4 designates
a second electrode which is formed over the color filter
3 by the high-frequency ion plating method. Numeral 5
designates an opposed substrate which is made of glass
and formed thereover with an ITO electrode 6. Thus,
the color electrooptical device is constructed by oppos-
ing the substrate 1 and the substrate 5 to each other and
by sandwiching a liquid crystal 7 therebetween.

This device is manufactured in the following manner:

(1) The I'TO film 1s deposited on the substrate 1 and is
formed into a predetermined shape by photolithogra-
phy to prepare the ITO electrode 2. _

(2) Next, the voltage is applied to the ITO electrode
2 1n the electrodepositing solution, in which the polyes-
termelamine resin and the coloring material are dis-
persed into the water, to form the color filter (which
“has a heat resistance of about 250° C.).

(3) Next, the ITO is deposited by the high-frequency
1on plating method on the substrate which is formed
with the color filter, to form the second electrode 4
having the predetermined shape and made of the ITO
over the color filter by the use of the photolithography.

(4) The opposed faces of the substrate 5 formed with
the ITO electrode 6 and the aforementioned substrate 1
are oriented to sandwich the liquid crystal 7 therebe-
tween thereby to manufacture the display device, as
shown i FIG. 1.

Incidentally, the aforementioned manufacture steps
(1) and (2) are necessary ones in case the electrodepos-
ited color filter is used. In case, however, the color filter
1s formed by the dyeing or printing method, the step (1)
1s not indispensable, but the color filter is formed over
the substrate 1 by the dyeing method or the printing
method at the step (2).

Next, one example of the high-frequency ion plating
method for forming the ITO over the color filter 3 will
be described in the following.

FIG. 4 1s a section showing one example of an appara-
tus using this high-frequency ion plating method. In the
Figure, vacuum chamber 31 is held air-tight by a bell jar
32. The vacuum chamber 31 is evacuated by an evacua-
tion line 33 including a vacuum pump. The bell jar 32 is
equipped with a gas inlet 34. At the time of forming the
transparent conductive film, the inside of the bell jar 32
1s evacuated at first through the evacuation line 33 and
i1s then fed through the gas inlet 34 with oxygen gas, and
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this oxygen gas has its partial pressure regulated to
about 10—° to 10— Torrs. The present embodiment is
exemplified by a pressure of 1 X 10— Torrs.

The bell jar 32 is equipped therein with a substrate
unit composed of a substrate 35 having a color filter and
a holder 36; an evaporation substrate 37 composed of
3% of tin oxide and 95% of indium oxide for forming
the film; a heating boat 38 for heating and evaporating
the evaporation substance 37; a high-frequency coil 39
for ionizing the evaporated particles by the high-fre-
quency excitation; and shield 40. Moreover, a DC elec-
tric field can be applied to the holder 36 and the heating
boat.

The particles are evaporated from the evaporation
substance 37 by the heating to migrate in the bell jar.
While passing through the high-frequency coil 39, the
particles are ionized in the high-frequency excitation
area which is formed in the shield 40. The ionized parti-
cles are accelerated to impinge and deposit upon the
substrate face by the action of the electric field, which
is applied to the substrate 35 or the holder 36, to form a
cover film. At this time, the substrate can be heated to
enhance the depositability. For the ion plating opera-
tion, an inert gas such as argon or helium may be con-
fined together with the oxygen gas in the bell jar. More-
over, an auxiliary electrode can be disposed in the bell
jar to correct the distribution of the electric field
thereby to achieve higher film characteristics.

In the present embodiment, the substrate was heated
to 200 C.° by applying high-frequency waves of 13.56
MHz to the high-frequency coil to form a transparent
conductive film of ITO having a thickness of 2,000 A, a
transmissivity of 859% and a surface resistance of 8 to 10
O/

In the electrooptical device thus manufactured ac-
cording to the present embodiment, the ITO electrode
over the color filter had an excellent contacting prop-
erty but no separation and crack at the filming time and
had no resistance change, even if heated thereafter at
200° C. for 5 hours, and a sufficient contacting property
maintained. Since the I'TO electrode was thin and has a
low resistance, moreover, the color liquid crystal elec-
trooptical device using the ITO electrode had an excel-
lent display quality and could be driven at a low volt-
age, even after it had been driven at 80° C. for 2,000
hours, without any deterioration in the electrode over
the color filter.

Embodiment 2

FIG. 2 is a section showing another embodiment of
the multi-color display device according to the present
invention. Reference numeral 11 designates a substrate
made of glass, and numeral 12 designates an ITO trans-
parent electrode, which is formed thereover by an elec-
trodeposition with a color filter 13 made of an acrylic-
melamine resin and a coloring material. Numeral 14
designates an overcoat layer which is made of an acry-
lic-epoxy resin for smoothing the roughness of the sur-
face of the substrate 11 and protecting the color filter.
Numeral 15 designates a second transparent electrode
which i1s made of the I'TO by the high-frequency ion
plating method like the Embodiment 1. Numeral 16
designates an opposed electrode which is made of glass.
After having been formed thereover with an ITO trans-
parent electrode 17, the opposed substrate 16 is opposed
to the substrate 11, and a liquid crystal 18 i1s sandwiched
between the two substrate to manufacture the color
liquid crystal electrooptical device. This electrooptical
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device could achieve effects similar to those of the
Embodiment 1.

Embodiment 3

This Embodiment was exemplified by preparing the
color filter 13 of FIG. 2 by the dyeing method, in which
photosensitive gelatin was patterned by the photoli-
thography and dyed. In this case, the ITO electrode 12
1s indispensable. Then, the overcoat layer 14 was
formed of a polyimide resin containing a silicone com-
pound to manufacture a multi-color liquid crystal dis-
play device as in the Embodiment 2, to provide similar
effects.

Example for Comparison

The ITO electrode 24 over the color filter of FIG. 3
was subjected to a DC sputtering at a substrate tempera-
ture of 200 C.° by using an indium-tin oxide as a target.
Immediately after the filming step, the electrode was
cracked thereover so that a sufficient contacting prop-
erty could not be obtained.

As has been specitfically described in connection with
the embodiments, the process for manufacturing the
color electrooptical device according to the present
invention is enabled, by forming the transparent elec-
trode over the color filter by the high-frequency ion
plating method, to remarkably improve the contacting
property with the color filter made of the organic poly-
mer and the reliability to heat or the like. Moreover, it
1s possible to stably manufacture the color electroopti-
cal device which 1s enabled to have a thin film and an
electrode of low resistance and to find a suitable appli-
cation to a low-voltage drive by the excellent covering
characteristics.

What 1s claimed 1s:

1. A method for manufacturing a color filter compris-
ing the steps of:

forming a color filter made of an organic polymer on

a substrate; and

forming a transparent conductive film on the color

filter by a high-frequency i1on plating method,
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wherein the transparent conductive film is depos-
ited from an evaporated material which 1s 10n1zed
by a high-frequency glow discharge and acceler-
ated by a DC electric field in a Jow pressure cham-
ber.
2. A method for manufacturing a color filter accord-
ing to claim 1; wherein the color filter of an organic
polymer comprises a set material of a polyester resin
and a melamine resin, or a set material of an acrylic resin
and a melamine resin.
3. A method for manufacturing a color filter accord-
ing to claim 1; wherein the transparent conductive film
is made of an indium-tin oxide and formed on the color
filter by the high-frequency ion plating method with
heating the substrate under 250° C.
4. A method for manufacturing a color electrooptical
device comprising the steps of:
forming a color filter made of an organic polymer on
a substrate;

forming a transparent conductive film on the color
filter by a high-frequency i1on plating method,
wherein the transparent conductive film 1s depos-
ited from an evaporated material which is 1onized
by a high-frequency glow discharge and acceler-
ated by a DC electric field in a Jow pressure cham-
ber; and

forming an opposed substrate by keeping a predeter-

mined gap with the substrate and filling liquid crys-
tal material into the gap.

5. A method for manufacturing a color electrooptical
device according to claim 4; wherein the color filter of
an organic polymer comprises a set material of a polyes-
ter resin and a melamine resin, or a set material of an
acrylic resin and a melamine resin.

6. A method for manufacturing a color electrooptical
device according to claim 4; wherein the transparent
conductive film i1s made of an indium-tin oxide and
formed on the color filter by the high-frequency ion

plating method with heating the substrate under 250° C.
* % . ¥ X
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